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Question Y 

' ) Compute the self-inductance of a solenoid with N turns, length L, 
and radius R with a current I flowing through each turn, as shown 
in the Figure. 

z 


R 



*0 Calculate the self-inductance of a toroid which consists of - N turns 
and has a rectangular cross section, with inner radius a, outer radius 
b and height h, as shown in the Figure. 
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2- 0 Marks) The. values of the volume charge densities p v at the points A and B. 


^ f ^ ark3 | A * ,p i°i^ ,th fl lI ^ fon ? P« r «“« length p L is bent into the shape of an arc of 

a circle of radius R. The arc subtends a total angle 2 0* symmetric about the xJS - 
Fig, Find the potential Vat the origin. X axis ’ as sll0Wn in 



P. T. O. 


finaitt cpmlll KHJ.10l6.dott 



c- [12 Marks] A. charge cfjstributjorrv/ith a spherical symmetry has density 


P V 


(Pa r 0 Sr < R 


Determine: 

1- (8 Marks) The potential 'V' everwhere with spherical symmetry has 

reference voltage is at r - «?. 

2- (4 Marks) The energy stored in region r<R. 


density.' Assuming the 

s - 4 


d- [12 Marks) A capacitor consists of two concentric spherical shells as shown ip Fig. 2. The 
outer radius of the radius of the inner shell is 9 ~ 0,1m and. the inner radius of the outer radius 
of the outer shell is 0,2 nu . . . ' ; 

1- (3 Marks) What isthecapacitanceCofthis capacitor? • : 

2- (3. Marks) Suppose, the fnaxhmira possible, electric field at the outer surface of the inner shell 

before the ajr starts to ionize is E n « (a)~ 3 x li^iKV/m;; What is the maximum possible charge 
on the mher'ea^jtqfr .. 

3- (3 Marks) When F (a) 58 3 x 1 0* KV/tn, what is the potential difference between the shells? 

4* (3 Marks) What is the maximum amount of energy stored in this capacitor? 



Fig-2 , 


Question (2): [35 Mark] 


a- [10 Marks] Using Laplace's or Poisson's equation: 

1- (6 Marks) Determine the voltage a? function for a cylindrical capacitor (coaxial cable). The 
inner conductor is located at p =* a and the outer conductor is located at p ~ b, where a < b. 

■ Charge only exists on. the surface of the conductor. Assume that the voltage, on the inner 
conductor is V,, and the outer conductor is gjoynded. You Should draw the figure be&rc you 

. attempt to solve for Voltage, Also, you must demonstrate that your answer satisfies either 
Laplace's or Poisson's equation. •* 

2- (4 Marks) Find the capacitance of the coaxial cable. 

. b- 110 MarkslA square wire loop of size a x a lies in (lie xy plane with its center at the origin and 
sides parallel to the v and y axes. A counterclockwise current T mns around the loop.Show that 
the magnetic flux density *B' at a point (0, 0, z) on the axis (z-axis) of the square wire loop is 
giVen by , , 





0z J * a * 1 2 )^ 2z i +2(l) : 


2 


. * 15 M * rks l It is required to establish- a flux of 2 mWfrm t*« m gap of the magnetic structure 
sJiowrun Fig. 1. The structure is made of silicon sheet steel, end its magnetization curve is as shown 
Hi the figure. Assume that the coil has 500 tarns, and the structure has the Following dimensions: 

L.| - 40 cm Ai - 40 cm 2 Lj - Lj « 26 cm Aj * A4 « 25 cm 2 

L 2 = 24 cm A 2 - 12 cm 2 t 8 - 6.025 cm . A.- 26 cm 2 

Find: " , , \ . 

1 - (i 2 Marks) The current, I in Amp. 

2- (3 Marks) The self inductance of the toil, L in Henry: 



lustrations of this questions: 


Arrange all your answers In tables as glyenbdow each qucstion.Copysinnlar tables in your 
answer sheet and put all you answer inside the tables. Any an swer outside the tal,i M wii 
be considered " “ ”* 

1) Mention, 4 reasons -Svhy the engineers are interested in high frequency signals . Make your 

answer short aid coricise.[8 marks], ■ 1 

Answer 


1 ] 

■ 

2 


3 

4 

4 



3 


II) Indicate whether the following statements are true (T) or false (F) and give the corrected 
statement, if the provided statement is false [12 marlrs], .. 

1 . The circuit theory is applied when the wavelength 1 «component dimensions 

2. Faraday’s law indicates that all dectrfo ijux. begins and terminates on charge 
3*_Jfhe wave front is the locusof points characterized by position of the same phase 

: 4, The attenuation constant and the phasccpnstant are approximately equal in good conductors 
- 5 * A single conductor with large cross section area is prcfcirftlfdr the power transmission lines 
6. Microwave ovens opcrate'at 2.45 GHzftf which wafer lias maximum absorption of EM wave 

Answer 


No. 

1 

TorF 

, justification,; if the providedstatement is false ciiti bj jLaSU* CiUi 

2 

3 ' 


. , _C ijr . " i ’ 

■4, 

.5 

6 


■ • ••• - • ' - ~ . 


III) Assume aplane wave propagating with a it, apd kg 
Components in the z<0 region and with the cfectric 
field E/tuid magnetic field ff t vectors |n the 
directions shown in die figure. Thespian wave is 
inpident on the interface and'accpiljiigiy 
will be reflected wave and transmitted, wave. 
Answer the following questionsllO mariu]: 




1 . 


2 . 

3. 



-U-- 




Write down the general form of the equations of the 
electric field vectors E b E r and Ei assuming the 
reflection coefficient is r and the- transmission 
coefficient is / (3 marks) , 

Apply the phase ipatohlng condition m e (i fa ; 

Apply toe tangential boundary condition and find the two equations mrlntT , ' J 

. medium wave impedance and the angles (4 marts) q connecting r and Mo the 


Answer 




4 


T> ! " 




- IV) Assume a uniform optical plane wave with a frequency 474 THz (Note that 1 THz =10 12 Hz) is 
• emitted from a laser source and propagating in fre^space (b 0 ° 8,85 x JO' 12 F/m, « 0 =4x x 10~ 7 
H/m) in. the positive x-direction, Tho time average power density Suva™ IO 3 W/m. Determine 
the following including the appropriate units (10 marks]: 

■ ^ L The wavelength V(4 marks) ■ 

% The angular wavenumber^ (2 marks) ' 

3. The peak value of the electric field (4marks) ■- 


Answer 


No. 

Expression 

* - Substitution 

Final answer 

1 

V- 

\=> - * 

‘ ■ : " 

2 


k= . IV 

k* 

3 

E- 

E= 

& ' " 1 


* " '' ' 1 '"-s i — ' : ■ ' — - — — — 

END of Examination 
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Course Examination Committee 

Prof. l?r, RizlcMHamouda 

ASS^Ci Prof, X»r, AdelA; E. M. S. Ahmed 

Dr. Yasser Sabry 


N.B. 


Vacuum permittivity, £p= 8.85i*10' i2 F/m 

dy = pdpdtpdz (cylindrical) , dv = r 2 stn6drddd(p (spherical) 

V - A = f&CPA) + (.cylindrical), 


V - A = ^~r 

dv 


+ 


, 1 d(AgsinB) , 1 dAu 


r * ' rslnQ @8 
IdV _ .. . 0 V . 


rsinfl dp - 

(cylindrical) 


(spherical) 


ff ^“r + ^ + S5i^ (VtarteO. 


rdd 
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lUifci aani cpnpi» nf TWf> . Qy»<;,stiTMis in 

Sashas Mirks) Ans wer All Questions 

1- A point charge at the origin wh ich'couldnroducMh' Wllh '? Cel ! ,er at fte ori * in ' If Pi" 10 nc/m. Find: 

2- The potential difference between ST ^ fi „ eld , a ‘ ^ 5 >- (3 Marks) 

reference, i.e. ( ground) 8 Pl ™’ °» l0 ) 20(1 p z(0» 0, -10). (Use infinity as a potential 

{3 Marks} 

p« meter oninph) 8 metalllc °5' lln<fel ' wlll > radius 0.1 m is evenly charged with a charge 1 c/m (charge 

1- Calculate the electric field outside the cylinder 

2- Calculate the electrostatic potential outside the cylinder. (Use r « 50 m as a potential reference)* 1 "^ 

3- How much energy do you need to move an etechon (charge =-1.6* 10-19 c) ftom r = 1m 

c) A positive point charge Q is located at distance rfl an A <n . .. {I Mark} 

perpendicular conducting half-planes (infinitely long) as shown in fr ° m two funded 

caused by the charges induced on the planes. * n ^SUre. Determine the forces on Q 

{4 Marks} 



G 

*? 

^2 


Question 2 : (15 Marks) 

so1 ^ 00 ? to - 

down fte Laplace equation for a cylinder capacitor (vacuum bttw^n A?^]!„T“‘- 0n a ” aly,icall> ’- w "te 
(L>>bb where the cylinders have radii a and b. The length ofttaeapacitorbi'inuch foogcrthan^hcTiadii 

«* boundary conditio, tear 

fc ~ TkT 



P.T.O. 


b) Consider a long thin wire carrying a dc current: I = 2 A and the square loop is carrying a dc current 1 1 
as shown in the figure below. Assume that a = 4 cm, b - 7 ran and c = 4 cm. CaJcu late: 

1 - The magnetic flux is crossing the square loop when the current Ii = 0. 

2- The total force on the square loop when the current Ij = 5 A. 


(2 Marks} 
{3 Marks} 


t L 


u 


1 


} 


c) Two oops, made of 'thm wire carry equal and opposite currents as shown the figure below. The radius 
to Meb nrt?r * 6 dlst f lc ? between the loops is 2a. The loops are in free space and placed parallel 
axle) Calculate- & 316 bot ^ P^endicular to the axis A-C as shown (that is, like two wheels on the 

2"Semam!Hpfl TO ^*? atp0 ^ tA ^ midwaybetweenthetwoIoo P s )* {2 Marks} 

: 2 UX ^! fyat P ointB ^*ecenterof!oopNo.2). (2Marks 

3- The magnetic flux density at point C if d » a. • flMarkl . 

o e: In all three cases give both direction and magnitude of the magnetic flux density. 



Prof. Dr. Rizk M. Hamouda 


All The Best 


Assoc. Prof. Dr. Adel A. M. S. Ahmed 


Vacuum permittivity c 0 = 8.854*10-12 F/m 

<fa=r*^«£zC-5,I <fo=T* i »Bdrd8^ fcptertcol) 


VJt=” (r ^ ) + 
~»r„ . xa r 

lap We F.quuiion; 
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AIN SHAMS UNIVERSITY 
FACULTY OF ENGINEERING 
Department of Electrical Power and Machines 
2 nd Year s Electrical Engineering 



1st Semester Acaderoic Year 28X4-2015 Exam Date: 12.01.2015 


Exam Time: 3 Hrs 


Ttie Exam consists otTHREE Questions m THREE paces Total Marks; 11 0 Marfa 

Answer All Questions 

Instructions: 

1) Clearlvidentifv the part of the arofcfem vou are solvim. 

2) Highti$hL voar answers. 

3) Bo n ot miss mats or vector d i rections, each has weighs of 0.25 mark 

4) ASH intermediate steps vou w rite, are considered in the marks. 

5 > tBmm constants : u^4izx Ur 7 H/nu c„=Q5jc l(T l2 F/m. c„=3 x Itfm/s 
Question.! (33 Marks) 

a- The annular surface 1 cm</j<3cm, Z ” 0, carries the nonuniform surface charge density 
p s = SpnC/nT. 

i. Find V at P(0, 0, 2 cm) if V~ 0 at infinity. (6 Marks) 

ii. From the result of part (i), find the electric field at point P. (4 Marks) 

b-. Consider a uniform charged dielectric sphere of radius a = 0.5 m and p v = 2 mc/m 3 . 

L Find the electric field intensity E at r = 0.2 m, r = 0.5 m and r = 2 m. (4 Marks) 

ii. P lot the variation of the electric field intensity versus r. (2 Marks) 

iii. Find the electrostatic potential V at r = 0.2 m, r = 0.5 m and r “ 2 m. 

(V at infmity=0) (4 Marks) 

iv. Plot the variation of the electrostatic potential V versus r. (2 Marks) 

c- A potential field in free space is expressed as V = 2Q/(x yz)\. Find the total energy 
stored within the cube 1 < x, y, z < 2 (4 Marks) 

d- Two point charges of-100^C are located at (2, -1, 0) and (2, 1, 0). The surface z = 0 
is a grounded conducting plane, (a) Determine the surface charge density at die origin. 
(6) Determine p s at P(0, h, 0). (7 Marks) 

Question^ (32 Marks) 

a) Determine the potential at die free nodes in the potential system of Fig. 1 using the 
iteration method. Assume that die per unit residues should be < 0.02 (10 Marks) 

(Hint: 2 iterations (attempts) are enough) 


Q»P 


r 

<J V 


JOV 

z 




y30V 


— -3 m - 

Fig* 1 


gap 


PXO 


Os) 


b) Find the magnetic field density B at point P due to the stationary current 5 A going 
through the following wire configuration (Fig. 2). Assume that the current loop wire 
is located in x-y plane. (10 Marks) 



Fig- 2 

£) The magnetic circuit shown in Fig. 3 has the following dimensions: A c = 16 cm 2 , l c = 
30 cm, lg = 0.6 mm N = 400 turns and I - 1.5 A. The core is made of a material with 
B-H relationship given below in the table. Determine the magnetic field density in the 

(12 Marks) 


B 

(Tesla) 

0 

0.3 

0.7 

-0.98 

1.13 

1.2 

1.27 

1.3 

1.33 

1.35 

H 

1 (A.T/m) 

0 

50 

100 

200 

300 

400 

600 

700 

800 

1000 



Question 3 
Question 3A 


Ftg.3 


(45 Marks) 

i. Write the general differentia! form equations" of Maxwell in the time 

ii. Write the differential form of Maxwell equations in the time domah/fof toSL 

H. Um ” ,H ” ° f ^ fc ' d ^ Vector E «> magnrf^ 

iii. Using Maxwell equations obtained in (b). Drive the wav#* mi,^ ■ * ^ Marks ) ' 

iv. Use the field time dependence function, e i “ t , to reduce the nnmU n f • ^ 

Ka^ssssssaSSS 11 *^ 

V ' Maxwell equations * '° “ “‘“T^of 

intensity vector E and magnetic field tote^vector h”™ “ ^ ° f 


Hmt^V x(Vx A) = V(V ■ A) - V 2 A 


P.T.O 


V 


